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HunBngton's	Disease	is	an	inherited	neurodegeneraBve	disorder	aﬀecBng	human	and	caused	by	the	expansion	of	a	CAG	repeat	microsatellite	localized	in	the	5’	end	of	the	HunBngBn	(HS)	gene,	ulBmately	leading	to	
neuronal	loss	in	brain	and	motor	and	neuropsychiatric	disturbances.		To	obtain	informaBon	on	HS	orthologous	genes,	a	potenBal	source	of	genomic	DNA	is	represented	by	museum	collecBons.	Here	we	aimed	at	the	
characterizaBon	of	orthologous	sequences	of	the	human	microsatellite	by	assessing	114	specimens	from	Museo	di	Storia	Naturale	di	Milano,	Museo	di	Storia	Naturale	di	Pavia	and	Acquario	Civico	di	Milano.	Samples	
belonged	 to	 four	 vertebrate	 groups:	 mammals	 (n=39),	 amphibians	 (n=1),	 ﬁshes	 (n=22)	 and	 repBles	 (n=52).	 Small	 fragments	 of	 Bssues	 preserved	 in	 ethanol	 (n=52),	 stored	 frozen	 (n=79)	 and	 Bssues	 that	 had	
undergone	a	tanning	process	(n=10)	were	used.	These	specimens	ranged	from	recently	collected	to	over	50-years-old	specimens.	Genomic	DNA	was	extracted	with	two	diﬀerent	commercial	kits	(Macherey-Nagel,	
Zymo	 Research)	 and	 its	 quality	 assessed	 by	 ultraviolet-visible	 spectrophotometry	 and	 gel	 electrophoresis.	 DNA	 extracBon	 yielded	 fragments	 of	 highly	 variable	 length,	 probably	 depending	 on	 iniBal	 sample	
preservaBon	condiBons.	Speciﬁc	primers	designed	to	encompass	the	CAG	tract	and	targeBng	the	most	conservaBve	regions	of	 the	diﬀerent	templates	were	used	to	amplify	 the	sequences	of	 interest.	Amplicon	
length	ranged	from	100	to	250	base	pairs.	About	60%	of	the	PCR	reacBons	performed	were	successful	and	the	relaBve	products	have	been	correctly	sequenced.	This	study	demonstrates	that	museum	collecBons	are	
a	valuable	resource	of	genomic	material	to	amplify	triplet	repeat	loci	and	restates	the	importance	of	specimens	conservaBon	for	scienBﬁc	research.	
	
We	tested	several	PCR	reacBon	protocols	in	order	to	develop	the	best	protocol	for	each	vertebrate	group.	
Principal	diﬀerences	were	between	MgSO4	quanBty,	annealing	temperature	and	Bme.	Gel	electrophoresis	
was	performed	using	2-4	uL	of	PCR	product	at	the	end	of	every	reacBon.		
The	amplicon	length	expected	was	diﬀerent	for	each	group	of	vertebrate.	In	parBcular,	we	expected	100pb	
for	ﬁshes,	150	for	repBles	and	200	for	mammals.	10	uL	of	PCR	products	were	used	for	Sanger	sequencing	
(performed	by	BMR	Genomics,	Padova).	
G e n om i c	 D NA	 f r om	
recently	 frozen	 samples	
(ﬁg.	 1)	 have	 shown	 the	
best	 resul ts	 whereas	
ethanol	preserved	samples	
(ﬁg.	 2)	 frequently	 do	 not	
preserve	 the	 DNA	 from	
degradaBon.		
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What	Hun)ngton’s	Disease	is.	
HunBngton’s	Disease	(HD)	is	a	neurodegeneraBve	disorder	with	a	fully	autosomic	dominant	inheritance	
paSern	[3,	4].		Prevalence	is	esBmated	in	one	case	over	7300	individuals	in	western	populaBon	[1,	5,	2].	
It	was	ﬁrst	described	in	1872	by			
George	 HunBngton	 MD	 as	 chorea	 on	 the	 basis	 of	 its	 symptoms	
characterized	 by	 involuntary	 body	 movements	 [9].	 In	 1993,	 the	
responsible	 gene	 (IT15	 or	HTT)	 was	 idenBﬁed	 on	 chromosome	 4	 short	
arm	and	 the	encoded	protein	was	named	HunBngBn	 (HTT)	 [3].	HTT	 is	a	
highly	conserved,	ubiquitously	expressed	protein	[8].		
The	mutaBon	associated	with	HD	is	found	in	5’	terminal	of	the	HD	gene	
within	exon	1	and	takes	the	form	of	an	over-threshold	CAG	repeats	run,	
which	encodes	for	a	poly-Glutamine	(polyQ)	stretch	[3].	
HD	 brain	 (lel)	 and	 control	 brain	
(right)	(Courtesy	of	Harvard	Brain	
Tissue	Resource	Center).	
A	compara)ve	genomics	approach. 		
On	the	basis	of	a	known	phylogeny	it	is	possible	to	reconstruct	
what	 was	 the	 ancestral	 state	 (symplesiomorphy)	 and	 the	
derived	state	(synapomorphy)	of	a	given	character	[7].	If	many	
species	 within	 a	 group	 of	 closely	 related	 species	 share	 a	
certain	 character	 whileonly	 one	 or	 few	 of	 them	 shows	 a	
diﬀerent	 state,	 it	 is	 very	 likely	 that	 this	 last	 character	
represents	a	derived	state	(i.	e.	the	character	that	has	evolved	
from	 the	 ancestral	 condiBon,	 see	 Figure).	 To	obtain	data	 for	
comparaBve	genomics	studies	a	potenBal	source	if	genomic	
	
The	Museo	di	Storia	Naturale	di	Milano	(MSNM)	was	founded	in	1838.	Its	ﬁrst	collecBon	has	grown	thanks	to	donaBons	and	with	the	purchase	of	
ﬁnds	of	priceless	scienBﬁc	value,	today	is	the	biggest	and	most	important	Italian	Museum	of	natural	history.	We	collected	30	samples	(29	mammals	
and	1	ﬁsh).	Twenty	of	them	were	stored	at	-20°C,	prior	to	be	processed	for	taxidermy.	The	others	were	retrieved	from	already	tanned	leather.	
The	Acquario	 e	Civica	 Stazione	 Idrobiologica	 	Milano	 (ACSIM)	
was	built	in	1906	in	occasion	of	the	InternaBonal	ExposiBon	of	
Milano.	 It’s	 the	 third	 most	 ancient	 aquarium	 in	 Europe.	
Twenty-two	Bssues	samples	from	dead	ﬁshes	of	the		aquarium	
conserved	at	-20°C	were	provided	for	our	
	
The	Museo	di	Storia	Naturale	di	Pavia	 (MSNP),	 founded	 in	1771,	 it	 is	one	of	 the	
ﬁrst	natural	history	museums	in	Europe.	Four	main	collecBons	of	high	and	unique	
value	are	present:	Spallanzani,	Paleontology,	Anatomy	and	Zoology.	From	Zoology	
collecBon	we	retrieved	52	ethanol	preserved	specimens	of	
In	 62%	 of	 samples	 PCR	 reacBon	was	 successful.	 Success	 is	 dependent	 on	 DNA	 quality,	 the	 presence	 of	 suitable	 primer	 and	 PCR	 protocols.	 A	 PCR	was	 considered	
“successful”	when	bands	of	expected	size	or	of	slightly	diﬀerent	size	was	seen.	MulBple	bands	containing	the	amplicon	of	expected	size	were	considered	successful	but	
protocol	opBmizaBon	is	required.	
	
Figure	1.	Mammalian	DNA,	frozen	Bssues.	P	=	MSNP;		
M	=	MSNM.	
Figure	2.	RepBlian	DNA,	ethanol	
preserved	Bssue,	MSNP	(The	numbers		
correspond	to	samples	in	Table	1)	
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Table	1.	Year	of	capture	and	spectrophotometer	results,	
corrsponding	to	samples	in	Figure	2.	
According	 to	 this,	 we	 sequenced	 all	 the	 PCR	 product	 we	 obtained.	 Good	 quality	
sequences	were	 produced	 for	 the	 38,5%	of	 our	 samples.	 The	 discrepancy	 between	
the	 successful	 PCR	 and	 the	 good	 quality	 sequences	 is	 due	 to	 the	 presence	 of	
nonspeciﬁc	products	that	hindered	our	interest	region.	In	few	cases,	we	observed	the	
failure	of	sequencing	reacBon.	 In	most	cases,	high	quality	sequences	were	obtained	
with	primers	producing	amplicons	of	at	least	150	bp.	
In	our	sample,	the	rapid	preservaBon	aler	death	appears	to	be	the	most	relevant	factor	in	preserving	DNA	from	degradaBon.	Moreover,	freezing	
(-20	 C)	 tends	 to	 preserve	 good	 quality	 DNA	 even	when	 the	 sample	 is	 stored	 for	 a	 long	 Bme.	 On	 the	 contrary,	 conservaBon	 in	 ethanol	 did	 not	
guarantee	from	DNA	degradaBon,	both	in	recent	and	old	samples.	Once	the	DNA	is	eﬀecBvely	extracted	from	the	Bssue	it	is	generally	suitable	for	
PCR	ampliﬁcaBon	and	sequencing	even	when	degraded.	
Figure	4.	PCR	products	gel	electrophoresis	of	mammalian	samples.	P	=	MSNP;	M	=	MSNM.	Expected	amplicon	
length	is	around	200	pb,	in	relaBon	to	the	length	of	the	CAG	tract.	Ladder	1kb	Plus.	
Figure	5.	PCR	products	gel	electrophoresis	of	ﬁsh	samples	
(ACSIM).	The	expected	band	is	at	100	pb.	Ladder	1kb	Plus.	
Small	tissue	samples	were	cut	and	prepared	for	DNA	extracBon.	Genomic	DNA	was	extracted	with	with	two	
diﬀerent	 commercial	 kits	 (Macherey-Nagel,	 Zymo	 Research).	 gDNA	 extracBon	 was	 performed	 on	 114	
samples.	
We	 analyzed	 DNA	 concentraBon	 b	 NanoDrop	 1000	 Spectrophotometer	 (ThermoScienBﬁc).	 Then	 we	
performed	gel	electrophoresis	on	agarose	gel	(2%)	to	asses	the	DNA	degradaBon.	
Our	PCR	primers	map	in	the	5’	and	3’	of	HTT	exon	1.	
This	 is	 a	 highly	 conserved	 genomic	 region.	 Speciﬁc	
primers	were	designed	for	each	group	of	to	account	
for	 the	main	diﬀerences	according	 to	 the	 consensus	
of	several	known	sequences		from	genome	data.	
Museo	di	Storia	Naturale	di	Milano	
Acquario	e	Civica	Stazione	Idrobiologica	Milano	
analyses.	 These	 included	 acBnopterygians,	 chondrichthyes	
and	one	amphibian	and	one	agnathan.	
Sample	ID	 Year	DNA	ng/ul		260/280		 260/230		
1)	C.	chalcides	 2003	 5,80	 1,12	 0,26	
2)	C.	chalcides	 2003	 326,70	 1,90	 1,97	
3)	C.	chalcides	 1974	 8,66	 1,22	 0,25	
4)	C.	chalcides	 1974	 1,82	 0,89	 0,17	
5)	C.	chalcides	 1974	 7,62	 1,62	 0,90	
DNA	is	represented	by	museum	collecBons.	It	is	known	that	DNA	molecules	under	certain	condiBons	
can	be	preserved	in	Bssue	samples	[6].	
various	repBle	species	(dated	1974	to	2014)	and	9	frozen	
mammals	conserved	at	 -20	 °C,	prior	 to	be	processed	 for	
taxidermy.	
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Museo	di	Storia	Naturale,	Università	di	Pavia	
Figure	6.	Chromatogram	
of	forward	sequencing	of	
A.	nigropunctatus		
The	 image	 shows	 an	 example	 of	 a	 few	 primers	
designed	 on	 known	 sequences,	 highlighBning	 the	
diﬀerences	among	diﬀerent	animals.		
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